We studied the distribution of fungal endophytes of grapevine (Vitis vinifera L.) plants in a subalpine area of northern Italy, where viticulture is of high economic relevance. We adopted both cultivation-based and cultivation-independent approaches to address how various anthropic and nonanthropic factors shape microbial communities. Grapevine stems were harvested from several locations considering organic and integrated pest management (IPM) and from the cultivars Merlot and Chardonnay. Cultivable fungi were isolated and identified by internal-transcribed-spacer sequence analysis, using a novel colony-PCR method, to amplify DNA from fungal specimens. The composition of fungal communities was assessed using a cultivation-independent approach, automated ribosomal intergenic spacer analysis (ARISA). Multivariate statistical analysis of both culturedependent and culture-independent data sets was convergent and indicated that fungal endophytic communities in grapevines from organically managed farms were different from those from farms utilizing IPM. Fungal communities in plants of cv. Merlot and cv. Chardonnay overlapped when analyzed using culture-dependent approaches but could be partially resolved using ARISA fingerprinting.
M
icroorganisms dwelling asymptomatically within plant tissues (endophytes) have been found in all studied plants. Endophytes can have either a mutualistic or a parasitic lifestyle; under some conditions, mutualists may switch to pathogens upon perception of plant-borne or environmental conditions (50) . Known endophytes include viruses, phytoplasmas, bacteria, and fungi.
The study of plant-fungus interaction has long focused on pathogenic interaction. DNA-based approaches have been extensively used for fingerprinting, tracking, and identifying plant-pathogenic fungi (46, 61, 63) , but fewer studies address nonpathogenic fungal communities. Fungal endophytes have been investigated for their role as plant growth promoters, biocontrol agents (43) , enhancers of the plant's bioremediation potential (55) , and producers of novel secondary metabolites (75) or enzymes (51) . However, the relation between communities of endophytic fungi and host plants is still poorly studied, and as of yet, is far from being fully understood. In grapevines, recent studies have shed some light upon the bacterial endophytic communities (13, 14, 20, 47, 72) , while investigations on fungal communities have been rare and often limited to culture-dependent methods (20, 30, 43, 71) . Furthermore, research has mainly focused on subsoil plant-microbe associations (36, 65) .
Several factors may affect plant-associated microbial communities, e.g., anthropic factors (52, 53) , plant physiology (34) , the environment (57, 74) , and pathogen infections (4, 14, 15) . A shift in the composition of microbial communities associated with plants can be driven by genetic and physiological diversities, e.g., between different cultivated varieties (1, 42, 47) . In contrast to grasses and annual plants, fewer attempts have been made in woody plants to correlate fungal endophytic communities with cultivar (17, 30) . To our knowledge, only a few studies attempt to link organic management or the use of antifungal treatments with modifications in the microbiota in woody plants (31, 54, 60) .
When attempting to identify a high number of isolated fungi, as in environmental studies, isolation and purification of DNA is both time-consuming and expensive but required for the PCR amplification of taxonomically relevant DNA regions. Direct colony-PCR of fungal isolates is usually avoided since DNA availability and purity in heat-lysed fungi is frequently insufficient for the reaction (7) . Furthermore, growth media often contain contaminants inhibiting PCR. Fungal metabolites inhibiting DNA polymerase and resilience of fungal spores or conidia to lysis are among the causes of unreliable or poor amplification when PCR is performed directly on fungal colonies (28, 35) . Previous studies attempting to improve speed and quality of PCR amplification directly from fungi have several methodological limitations. Examples include dependence on DNA extraction (28, 41, 49, 56, 68) , validation over a limited range of taxa (2, 39, 70) , and the use of expensive, proprietary chemicals (2, 18) .
Changes in the composition of plant-associated microbial communities have often been associated with plant physiology (9), health (14) , and environmental perturbances (11) . In the present study, we examined fungal endophytic communities in grapevines using both cultivation-based and cultivation-independent approaches. For the first time, we applied automated ribosomal intergenic spacer analysis (ARISA) to the study of fungal endophytic communities in grapevines comparing organic and integrated pest management and investigating the cultivar effect. Fungal ARISA is a community fingerprinting method based on the analysis of length polymorphism of the nuclear ribosomal DNA (rDNA) region containing the two internal transcribed spacers (ITS) and the 5.8S rRNA gene. It was chosen over terminal restriction fragment length polymorphism for its higher accuracy in describing the microbial community's diversity (22) , as well as for its ease of use and the precision that capillary electrophoresis offers (21) . Furthermore, we report a novel colony-PCR method for the rapid identification of fungal isolates, which is both inexpensive and DNA isolation independent. This method was used to PCR amplify the ITS regions and identify all isolates obtained in the present study.
MATERIALS AND METHODS

Study sites.
To minimize environmental variability between samples from different areas, we followed strict criteria for selection. Communities were sampled only from lateral vine stocks of field grapevines in a restricted geographic region (Trentino, Northern Italy), with medium sandy, calcareous soils (48) characterized by humid, temperate, oceanic climate particularly in prealpine areas, with rainfalls maxima in the spring and autumn (16) . Seven locations and a total of 28 vineyards were selected. In each location four vineyards were sampled, representing each of the four treatments: organic and integrated pest management (IPM) and cultivars Chardonnay and Merlot. Coordinates for sampling sites are listed in Table 1 .
Sample collection and plant material. A total of 28 vineyards were sampled (Table 1) . Samples were taken during the fall of 2010, from 27 October to 11 November. In each vineyard, four plants for each treatment were randomly selected. One lateral vine shoot was cut from each plant using pruning scissors. After the leaves were removed, the stems were transferred in a refrigerated basket for transportation for up to 6 h and stored at 4°C for up to 1 day.
Isolation of endophytic fungi. Lateral stems (1 to 2 m long) were cut to 20-cm-long fragments in the lab. These cuttings were surface disinfected by a succession of 2-min immersions, conducted under sterile laminar airflow, in 90% ethanol, 2.5% sodium hypochlorite solution, 70% ethanol, and sterile-distilled water. To test the efficacy of this method, random surface-disinfected stems were repeatedly rolled on nutrient broth (Oxoid, United Kingdom) or malt extract agar Vegitone (MEA-V; Fluka/Sigma-Aldrich, Switzerland) petri dishes, followed by incubation for 2 weeks at 20 to 25°C to confirm the absence of any microbial growth. After disinfection, the stems were cut into 0.5-cm sections and placed on MEA-V with the vascular vessels facing the medium. The plates were incubated for 7 to 15 days, and all morphologically different colonies were isolated. Mycelium from isolated colonies was freeze-dried and stored at room temperature.
Extraction-independent PCR amplification of DNA from cultivable isolates. Only a minor fraction of all of the morphologically different fungal isolates was identified, based on microscopic analysis of the hyphal and conidial morphology using available morphological keys (8) . Therefore, we developed a new method for identification. The method was validated on a wide range of fungal taxa chosen from the culture collection at our institute (Fondazione Edmund Mach, San Michele all'Adige, Italy), from other collections, or from the isolates of the present study that were already identified based on morphological traits (Table 2) . ITS sequences of all isolates were PCR amplified using either or both primers ITS1 (TC CGTAGGTGAACCTGCGG) and ITS4 (TCCTCCGCTTATTGATA TGC) (73) and either or both primers nu-SSU-0817-59 (TTAGCATGGA ATAATRRAATAGGA) and nu-SSU-1196-39 (TCTGGACCTGGTGAGT TTCC) (10) primer pairs (Sigma-Aldrich) and the two protocols described below. Henceforth, we refer to these two protocols as freezedried mycelium (FDM) and actively growing mycelium (AGM). In FDM, freeze-dried fungal material was lysed mechanically using two sterile stainless steel 5/32-in. ball bearings and shaken using a tissue lyser (type MM200; Retsch, Germany) for 2 min at maximum frequency (25 Hz) to obtain a fine powder. We stored the pulverized mycelium without loss of PCR efficacy for at least 2 months (data not shown). For PCR, ϳ1 mg of this powder was suspended in 1 ml of sterile distilled water and mixed by vortexing for 20 s. In AGM, a 0.5-cm 2 plug, including fresh mycelium and the agar medium underneath, was frozen at Ϫ80°C. For method validation purposes, samples were harvested from either small fungal colonies (0.5 to 1 cm in diameter) or the actively growing edge of larger colonies (3 to 6 cm in diameter). Henceforth, these two stages will be referred to as early and late, respectively. Lysis of the frozen samples was achieved using the same procedure described for FDM, after which 1 ml of sterile distilled water was added to the lysate and mixed by vortexing. The diluted AGM and FDM lysates were centrifuged 5 min at full speed (relative centrifugal force [RCF] of 16,000) on a tabletop centrifuge (5415R; Eppendorf, Germany) to sediment insoluble debris, including nonlysed cells, agar, and cell wall fragments. One microliter of the supernatant was used as a template in a 25-l PCR, including 1ϫDream Taq green PCR master mix (Fermentas, Lithuania) and 0.2 M concentrations of each primer. PCR was performed for 35 cycles using the appropriate protocols to each primer pair (10, 73) . PCR-amplified DNA was purified using Exo-SAP (Euroclone S.p.A., Italy) according to the manufacturer's instructions and sequenced using BigDye Terminator v3.1. Sequence analysis of the amplicons was performed by BLASTN comparison using the National Center for Biotechnology Information (NCBI) database's best hit (58) to confirm the identities of the selected strains. Whenever possible, sequences were identified to the species level. All fungal sequences were at least 98% identical to the best hit in the NCBI database. This value was considered sufficiently robust for species identification (66) . For some isolates, when ITS sequence was not discriminant at the species level, the isolates were assigned to the corresponding genus. Once validated, the method was used to identify the unidentified isolates of the present study. The presence or absence of operational taxonomic unit(s) (OTU) was scored for each plant sample. 
a PCR was performed using the primer pairs ITS1/ITS4 and nu-SSU-0817-59/nu-SSU-1196-3. Both FDM and AGM results are shown. AGM results are reported both for early and late stages. The symbols "✓" and "X" indicate successful and unsuccessful PCR amplifications, respectively. Yeast strains were tested in one stage only.
DNA extraction, PCR, and ARISA of total fungi. For cultivationindependent analysis of fungal communities, total DNA extraction was performed. Plant stems were surface disinfected as described above. Bark was carefully removed to avoid contamination with DNA from nonviable cells, which may persist on the surface after disinfection. Disc sections of lateral shoots used for microorganism isolation were frozen in liquid nitrogen and pulverized in sterile steel jars using a tissue lyser. DNA was isolated from 200 mg of ground specimens using the CTAB (cetyltrimethylammonium bromide) method as previously reported (24) . Briefly, pulverized material was incubated 30 min at 65°C in prewarmed lysis buffer and extracted using chloroform-isoamyl alcohol (24:1). The genomic DNA was precipitated using isopropanol, and the pellet was washed with 70% ethanol.
The 18S-28S ITS of the fungal rDNA was amplified using the primer set carboxyfluorescein (FAM)-labeled 1406f (TGYACACACCGCCCGT) (27) and ITS2 (GCTGCGTTCTTCATCGATGC) (73) 
, Inc., USA). The PCR product was checked on 1% agarose gel, and 1 l of the product was mixed with 8.8 l of Hi-Di formamide (Applied Biosystems, CA) and 0.2 l of GeneScan 1200 LIZ size standard (Applied Biosystems), denatured for 5 min at 95°C, and then cooled in ice before loading.
Denatured amplicons were loaded on an ABI Prism 3130xl genetic analyzer (Applied Biosystems) equipped with 16 50-cm capillaries filled with POP 7 polymer (Applied Biosystems). Run conditions were set to 8.5 kV and 60°C, and the total run time was 6,700 s.
Electropherograms were analyzed using the Gene Mapper 4.0 software, using the normalization inside the experiment, and the fluorescence threshold was set at 50 relative fluorescence units (RFU). We found and scored for analysis fragments in the size range (length) of 100 to 800 bp. Peak binning was set to 1.5 bp, and manual correction was applied where peak shifts occurred. The tables for presence/absence and fluorescence associated with each peak were exported into spreadsheets for subsequent analysis.
Multivariate data analysis. ARISA electropherograms of individual plant-associated communities were transformed in a binary presence matrix (scoring 1 for presence or 0 for absence), and each peak was scored. Matrices generated both through identification of cultivable isolates and through ARISA peak scoring were then transformed by adding presence scores together for each of the four biological replicates. The frequency score obtained thus ranged from 0 to 4. The data matrices were analyzed by principal component analysis (PCA) and canonical correspondence analysis (CCA) (40) using the PAST software (32). PCA and CCA are similar procedures for finding variables (called components), which are linear combinations of all of the variation contained by the data set. The reduction of several variables to two provides the advantage of making a complex data set plottable, while preserving much of the variance in the data. In addition, it allows the generation of hypotheses regarding components and the controlled variables in the data set. As a correspondence analysis method, CCA is designed for counted data (integers). In CCA, the axes are linear combinations of the environmental variables. CCA is specifically suited to data where the gradient in environmental variables is known a priori and abundance (or presence/absences) is considered to be a response to this gradient (32) .
A data set was obtained using linear combinations of the cultivated fungi and ARISA fingerprints matrices (henceforth referred to as the combined data set). Samples grouping according to treatments (organic/integrated management, cv. Merlot/Chardonnay) and across the seven areas of sampling was also studied by one-way ANOSIM (ANalysis Of SIMilarities) (19) and one-way NPMANOVA (Non-Parametric MANOVA) (3).
One-way ANOSIM and NPMANOVA are nonparametric tests that analyze the significance of distance measures among multivariate groups (32) .
RESULTS
Identification of fungi by colony-PCR.
In the method validation, PCR amplification using FDM as a template was successful for 36 of 40 samples (90%), using either the ITS1/ITS4 primer pair or the nu-SSU-0817-59/nu-SSU-1196-39 primer pair. The four fungi recalcitrant to PCR amplification using both primer pairs were Trichoderma atroviride, T. aggressivum, Penicillium chrysogenum, and Alternaria sp. (Table 2 ). All yeasts lysates were successfully PCR amplified. Using AGM 38 of 40 samples were also successfully PCR amplified (exceptions were P. spinulosum and Aspergillus niger) using the ITS1/ITS4 primer pair, whereas all fungal isolates were successfully PCR amplified with the nu-SSU-0817-59/ nu-SSU-1196-39 primer pair. However, PCR amplification of some isolates was partial or absent when these were harvested during either the early or late growth stage (Table 2 ). Strains more efficiently amplified when sampled during early growth include P. spinulosum, T. atroviride, Epicoccum nigrum, T. virens, and Phaeosphaeria nodorum. A larger number of strains were more efficiently amplified during late growth, including Absidia glauca, P. restrictum, Alternaria sp., Botrytis cinerea, Fusarium sp., T. reesei, Fusarium oxysporum, Neurospora crassa, P. chrysogenum, and Podospora anserina. After validation, either or both approaches were used to amplify the ITS region of the 377 fungi isolated here. Using the method described above, we were able to immediately amplify and sequence the vast majority (93%) of the ITS regions. Sequence analysis was successfully used to assign the isolate to a taxonomic group. For the identification of a minority (7%) of the isolates, a second PCR and subsequent sequencing reaction was required.
Isolation and identification of cultivable endophytic fungi. A total of 377 fungi were isolated from the 112 field samples analyzed. After identification, fungal isolates from the same sample that were assigned to the same OTU (by ITS sequence) were considered to be a unique isolate. From the 377 fungi, we identified 254 isolates. The total number of fungi did not significantly differ (P Յ 0.05) when considering the isolates from organic and IPM vineyards, as well as from the cultivars Merlot and Chardonnay. All isolates were placed in one of 14 OTU, according to the ITS DNA sequence (Fig. 1) ; of these, two OTU (Alternaria sp. and Epicoccum nigrum) were detected in all fields. Seven OTU (Xylaria sp., Ampelomyces humuli, Gibberella pulicaris, Truncatella angustata, Neofusicoccum parvum, Phoma herbarum, and Davidiella tassiana) were only isolated from a single vineyard, whereas the remaining seven OTU were present in at least three vineyards. Among the OTU found in multiple fields, Leptosphaerulina chartarum was only found in plants from organic farms and Botryosphaeria sp. was only found in plants from IPM farms (Fig. 1b) . Thirteen of fourteen OTU could be isolated from vines of cv. Merlot (with the only exception of N. parvum), whereas only eight OTU were found in cv. Chardonnay vines (Fig. 1c) .
ARISA fingerprinting of total fungal endophytic communities. Using ARISA fingerprinting, 66 distinct markers (electrophoretic peaks) were observed. A total of 943 peaks were scored, with individual samples showing from 4 to 18 (average, 8.6) peaks. Grapevine-associated fungi did not show a significant difference in number of ARISA markers between organic and IPM farms or between cv. Chardonnay and cv. Merlot (chi-square, P Յ 0.05).
Multivariate data analysis. The scatter plots obtained by multivariate analysis showed samples from organic and IPM to be partially or completely separated according to the two main components, using either CCA (Fig. 2) and PCA (Fig. 3) . The separation can be observed using the data from both isolated fungi and ARISA fingerprinting. Similarly, the scatter plot based on the combination of ARISA fingerprints and culturable fungi showed partial separation of microbial communities in grapevines of cv. Merlot and cv. Chardonnay (Fig. 2d) . The same does not apply for the cultivable fungal community. CCA of this matrix produced results similar to those obtained using the ARISA-derived data matrix.
Multivariate analysis (either one-way ANOSIM or one-way NPMANOVA) of either ARISA and combined data grouped according to treatments also indicated that fungal communities from organic agriculture were quantitatively different from those obtained from IPM vineyards (Table 3) . No statistically significant difference was found between communities from grapevines of cv.
Merlot and cv. Chardonnay (data not shown). The same data sets were used for comparison of fungal communities grouped according to the sampling area indicated that there is no significant difference among most areas (Table 4 ). Significant pairwise differences (using a value of P Ͻ 0.05) were observed between the areas G (Navicello) and C (Noarna), G and E (Pietramurata), and E and F (Pressano-Sorni).
DISCUSSION
In this study, we have completed a broad comparison of the endophytic fungal communities of grapevines in vineyards under IPM or organic management and between cv. Merlot and cv. Chardonnay. We approached the study of grapevine endophytic fungal community composition and its biomarkers across seven locations in Trentino (Italy) with similar characteristics regarding soil and climate. Our results indicate that mycota in grapevines from organic farms form communities that are significantly different from those in grapevines from IPM farms. We also found the DNA-dependent approach to be more powerful compared to the analysis of culturable fungi. To accomplish this, we established novel experimental protocols, which, after initial validation, allowed us to efficiently identify fungal isolates from the communities analyzed without the need for DNA extraction.
The need to analyze a large collection of fungal isolates has led to the development of a method for colony-PCR using nonpurified fungal mycelial lysates. The method developed here requires little hands-on labor, does not require separation of fungal mycelium from the agar medium, and is validated for a diverse array of fungal taxa. To the best of our knowledge, no previously known protocol combines all three of these highly desirable features, and our protocol is thus a significant improvement. We achieved PCR amplification of ITS regions for all 377 fungi in the collection by either or both of the methods described here, and the sequence of PCR products placed each isolate in 1 of the 14 OTU identified in the study. ITS PCR was highly effective both against the test panel and the collection of isolates (with success rates ranging from 67.5 to 95%, Table 2 ). Overall, taxonomically relevant sequences could be PCR amplified from all tested fungi prepared using either FDM or AGM and using at least one of the two primer pairs tested here. The colony-PCR approach described here enables rapid screening of numerous fungal isolates and can be easily applicable to further studies of fungal communities that use a culture-dependent approach. Furthermore, AGM can be applied directly to early-stage fungal colonies from any kind of environmental monitoring (be it air, plant-associated microflora, or food processing surfaces), even prior to isolation of their pure cultures. Most fungi isolated in the course of the present study are previously known grapevine endophytes (30, 43) , but, to our knowledge, this is the first report of the isolation of Ampelomyces humuli and Gibberella pulicaris (Fusarium sambucinum) from the grapevine endosphere. Isolates identified as Alternaria sp., Epicoccum nigrum, and Aureobasidium pullulans were found frequently in plants from both organic and IPM farms. Fungi belonging to the genus Alternaria are among the most common fungal endophytes in grapevines, and some strains may play a role in biocontrol of Plasmopara viticola (44) . E. nigrum is commonly considered either a saprophyte or a biocontrol agent of important grapevine pathogens (26, 37) . A. pullulans is often found both as an epiphyte and as an endophyte and is considered an antagonist of grapevine disease agents (59) .
Interestingly, we also consistently isolated Botrytis cinerea. Although the common occurrence of this species as a grapevine Table 1 . Ellipses are designed using a confidence threshold of 75%. endophyte was previously reported (17, 30) , it must be noted that it is considered an important grapevine pathogen. B. cinerea could be latent (25) , therefore behaving as an asymptomatic plant endophyte and turn pathogenic only under specific physiological or environmental conditions. The species Botryosphaeria obtusa, Botryosphaeria dothidea, Truncatella angustata, Neofusicoccum parvum, Phoma herbarum, and Davidiella tassiana were isolated from apparently healthy vines but are also sometimes regarded as grapevine pathogens (23, 38, 45, 64, 67, 69) . However, the majority of these fungi (with the exception of D. tassiana) were isolated from IPM vineyards (Fig.  1b) and may thus represent potential pathogens not detected in grapevines from organic farms. Fungicides used in IPM may be a driving force in shaping the composition of the fungal communities observed, but the level of tolerance to these fungicides among the fungi we isolated is unknown. Differences between fungi isolated from organic or IPM plants in the response to the applied fungicides will be tested in future experiments.
Several studies have investigated microbial communities in soil and their shifts under different land management practices (12, 29) . Comparatively fewer attempts have been made to assess the effect of agricultural management on the endophytic microbial communities present in crops (60, 62) . In the present study, both multivariate analysis of cultivable fungi and a DNA-based approach concur to indicate that IPM has an impact on the composition of endophytic fungal communities. A likely factor behind this could be the long-term use of synthetic fungicides in IPM or the use of organic fertilizers in organic farming.
Multivariate analysis indicated that fungal community composition differed between the organic and IPM vineyards, with partially distinct areas in CCA scatter plots (canonical correspondence analysis) when considering data sets from cultivable fungi, total fungal DNA analysis, or both ( Fig. 2a and b) . A combination of the two data sets under the same analysis showed a more marked separation of the samples from organic and IPM farms (Fig. 2c) . Interestingly, when the same combined data were projected across the second and third axes, communities from Merlot and Chardonnay grapevines were partially distinct (Fig. 2d) . This suggests that differences between grapevine cultivars may drive a minor shift in endophyte composition, as seen for other plant species (42) , but that the extent of this diversity is secondary, compared to the effect of crop management. Previous literature has shown that the composition of the culturable fungal endophytic community may be influenced by the cultivar. Casieri et al. (17) investigated the fungi in the endosphere of five grapevine cultivars in Switzerland and found that the community composition across cultivars differed both when considering the phyla and the species of isolated fungi. Others researchers have analyzed the endophytic mycota associated with grapevine in Spain, finding that the composition across cultivars differed when the order of isolated fungal taxa was considered (30) . Finally, some information is available on the cultivar influence on microbial communities associated with the roots (47) . Unfortunately, none of these previous reports included a statistical analysis of their interesting findings, making it difficult to compare the studies regarding the extent of these differences in microbial communities.
PCA analysis of the ARISA fingerprinting data set (i.e., cultivation-independent communities) allows identification of the loadings of the principal components. The two main components' contributors are the 371-bp (peak 43) and 354-bp (peak 29) fragments for the main axis and 358-bp (peak 34) and 360-bp (peak 35) fragments for the secondary axis (Fig. 3a) . Linking ARISA peaks to fungal species or OTU is a ticklish operation. As pointed out previously (5), different species may have ITS regions of identical size (33) , while some species may display multiple and different (i.e., polymorphic) ITS copies (6) . For this reason, the taxonomically ambiguous entities (sometimes referred to as ribotypes) produced by ARISA fingerprinting are not reliable indicators of species richness. We thus refrained from formulating any hypotheses on the correspondence of relevant ARISA peaks to taxonomic units.
PCA of the cultured fungi data set (Fig. 3c) indicated that the variance of the main axis, roughly dividing samples from organic and integrated management, is mainly due to several OTU: A. pullulans, Alternaria sp., and to a lesser extent by Epicoccum nigrum. In contrast with previous findings (60), we found A. pullulans more frequently in vineyards using IPM than in organic vineyards. Schmid et al. in 2011 (60) found A. pullulans to be more abundant in plants from organic vineyards, whereas these researchers observed the opposite for the yeast Sporidiobolus pararoseus, which was never isolated from grapevines in our study. Possible factors, related to these differences, are the different cultivars, the terroir differences, the environmental dissimilarities and the methodology used. In the former study, the abundance of A. pullulans in the samples was measured by quantitative amplification of ITS sequences. while we estimate the distribution of each OTU making no assumptions regarding the quantitative assessment of each microorganism. Remarkably, both studies indicate that A. pullulans is significantly affected by plant protection strategies.
Noticeably, when PCA is applied to the combined data set, data points representing microbial communities from IPM vineyards (with both cv. Merlot and cv. Chardonnay) span a smaller range on the principal component than those from organic vineyards (Fig. 3b) . This observation suggests that the variability across fun- gal endophytic communities from IPM farms may be smaller than that from organic farms. With respect to marker counts (ARISA peaks or isolated fungi) across the seven sampled areas, we noted that in most cases data points relative to fungal communities from cv. Merlot and cv. Chardonnay grapevines in the same area were grouped together (Fig. 3d) . The same could not be observed when we compared organic and integrated vineyards. This suggests that the difference between fungi from organic vineyards and IPM vineyards is larger than the difference between the plant cultivars.
Quantitative analysis by one-way ANOSIM and one-way NPMANOVA supported the conclusions deduced by visual analysis of PCA and CCA scatter plots, pointing out that crop management (IPM and organic) modifies the structure of fungal endophytic communities (Table 3 ). One can hypothesize that the use of synthetic systemic fungicides may have a role in these differences. Organic fertilizers may also be a source of microorganisms, which may establish them as endophytes. Further research on the role of systemic fungicide or introduction by the application of organic fertilizers will be crucial to prove these two hypotheses. The analysis tools used in the present study suggest that the grapevine cultivar and cultivar-dependent plant physiology may also play a role in shaping endophytic communities, but to a lesser extent compared to crop management or sampling sites.
